recently described by Wentura and Frings (2005) . In this method, primes were presented repeatedly but were effectively masked by alternating the prime with a masking string on successive refresh cycles. Two eight-letter masking strings (mask1, mask2) were used on each trial, both consisting of random consonants. To avoid edge effects, the prime word (five to six letters) was extended to a string of eight letters by the addition of consonants to the beginning and end of the word. The first presentation of the prime was preceded by mask1, and thereafter the prime and the mask2 were alternated on successive frames, for a total of 10 prime-mask2 cycles. Wentura and Frings applied this masking paradigm to a categorical priming task, in which the masked primes were one of four category names, followed by a lexical decision task in which word targets were category members and nonword targets were misspelled category members. Prime detection was measured using the same display of the prime, followed by a two-alternative forced choice test of category names. A row of question marks appeared in place of the target following the last mask2 display. For observers for whom prime detection was low, Wentura and Frings (2005, Ex- periments 1 and 2) reported substantial negative priming for low-dominance exemplars. Response times (RTs) were about 30 msec longer following the related category prime. Negative priming of low-dominance exemplars was also found when response accuracy was measured using a response window procedure requiring speeded responses within 400-550 msec (Experiment 3), and when naming latencies were measured (Experiment 4). Highdominance exemplars showed no priming with lexical decision RTs (Experiments 1-3) but positive priming with naming latency (Experiment 4) .
No significant priming effects were found in a more conventional masked priming condition in which the prime was presented for two cycles (28 msec), followed by a mask (Experiment 2), although priming in this condition did not differ significantly from that obtained using repeated prime-mask cycles. When the category prime was made visible at the same SOA, positive categorical priming was observed for low-dominance exemplars, but not for high-dominance exemplars (Experiment 1).
Several features of this masking paradigm are of interest. First, prime detection performance was impressively low in the majority of participants, but the priming effects were large and detectable in small samples. Second, the technique was devised for standard CRT displays with a fixed refresh rate. The technique does not require timeconsuming threshold-setting procedures, and the appropriate display conditions require only standard display technologies and software. If robust, this masking technique can be adapted for use in a wide variety of experimental settings. Third, Wentura and Frings (2005) hinted that the effectiveness of the repeated prime accumulates through repeated presentations, although they did not test this directly. They concluded that their technique "allows for an increase in the length of prime exposure to a level comparable with that in a standard supraliminal priming experiment while simultaneously preventing awareness of the prime for the majority of participants" (Wentura & and the target were identified (Pecher et al., 2002) , or by showing that prime awareness was not positively related to priming (Bodner & Masson, 2003) . In all these cases, evidence of priming remained after attempts had been made to nullify the contribution of prime awareness.
The difficulty of demonstrating masked semantic priming in the strict absence of awareness became prominent as a result of controversial studies in the 1980s. These studies reported associative priming of word recognition from word primes that were so strongly masked that they were apparently undetectable (e.g., Carr, McCauley, Sperber, & Parmelee, 1982; Dagenbach, Carr, & Wilhelmsen, 1989; Fowler, Wolford, Slade, & Tassinary, 1981; KempWheeler & Hill, 1988; Marcel, 1983) . However, there were a number of failures to replicate (e.g., Purcell, Stewart, & Stanovich, 1983) , and this prompted a methodological debate about determining threshold levels for the prime. Cheesman and Merikle (1984) distinguished between subjective awareness thresholds reported by participants and objective thresholds based on the ability to make forced choice decisions about masked items. In some circumstances, the objective threshold is lower than the subjective threshold, and priming may be observed below the higher subjective threshold, but not below the objective threshold. The measurement of objective thresholds requires allocating attention to the prime, rather than to the target, and may overestimate prime visibility during the priming task when participants respond only to the target. A further problem is that thresholds may vary throughout the duration of an experiment, so that apparent subliminal semantic priming may result from awareness of the primes on a proportion of trials (Holender, 1986; Purcell et al., 1983 ). An additional consideration is that studies in which CRT technology is used permit a minimal display increment of 10-20 msec, limited by the refresh cycle of the display hardware. With this coarse quantization of display parameters, it may be difficult to locate critical thresholds precisely. For all these reasons, it is difficult to establish that truly subliminal semantic or associative priming occurs.
Robust priming in the absence of awareness would provide a useful experimental tool for manipulating semantic processes in ways that leave no explicit memory record. This would be useful for studying word processing, and also as a technique for manipulating memory without creating an episodic record. However, despite extensive efforts, studies in which an attempt has been made to demonstrate associative priming while rigorously eliminating the contribution of awareness have not been successful (see McNamara, 2005 , for a comprehensive review). Some recent studies of masked categorical priming do seem to meet this criterion but have used binary classification judgments where the prime and the target were congruent or incongruent with respect to the response (e.g., Draine & Greenwald, 1998; Greenwald, Klinger, & Shuh, 1995 ; see also Naccache & Dehaene, 2001 , for related findings in numerical cognition). Thus, response congruence, rather than semantic activation of the prime, may be the source of priming (Klinger, Burton, & Pitts, 2000) .
A new masking paradigm showing categorical priming effects with primes presented at or near threshold was with nonword targets. Associate pairs were chosen from two databases: the University of South Florida norms (Nelson, McEvoy, & Schreiber, 2004) and the Birkbeck word association norms (Moss & Older, 1996) . Pairs were chosen with a minimum forward strength of 0.4, and where possible, associates were chosen so that the word targets would be singular concrete nouns. The primes (cue words) were unrestricted in terms of grammatical category. Items were selected and sometimes modified to be familiar to British speakers (e.g., shingle -roof changed to tile-roof ), and items were presented with British spelling. Cue and target words were between four and seven letters in length. The mean forward association strength of the 180 related pairs was 0.58 (SD 5 0.15). Kučera-Francis frequency was available for 175 targets, with a mean value of 76 per million (SD 5 112). Unrelated word pairs were formed by randomly recombining the prime-target pairs. This recombination was carried out across blocks of stimuli, so that each target was preceded by a dedicated related or unrelated prime, and the prime was not repeated in conjunction with any other target. Where repetition priming was investigated (Experiment 6), the prime words were the same as the targets, and related/unrelated trials were constructed in the same way.
The remaining 180 items with nonword targets consisted of 90 word-nonword pairs and 90 nonword-nonword pairs. These items were based on words selected from the Nelson et al. (2004) database that were not included in the word target set. Prime and target nonwords were made by changing one or two letters in corresponding words. The words from which prime and target nonwords were derived were unrelated. Items with nonword targets were included purely as foils in the lexical decision task. The complete list of word targets with related and unrelated primes and the nonword target stimuli are provided in Appendix A.
On each trial, flanking consonant letters were selected randomly online and were placed at the beginning and end of the prime word. In Experiments 1-3, the flanking letters made the prime string up to 10 characters long, and in other experiments, the number of flanking letters was variable. Two masking stimuli were generated online. Mask 1 and Mask 2 were consonant strings made by selecting consonants at random without replacement from the set of 20 consonants in the English alphabet (excluding Y). On any trial, the prime string and the masks were always the same length (for Experiments 1-3 this was always 10 letters). The prime and mask strings were displayed in uppercase text, the target in lowercase.
Prime detection task. Another set of 80 primes and target words were used in the prime detection task. These included 40 word-word associate pairs that were selected from published norms but had association strengths below 0.4 (e.g., suede -leather). In the remaining 40 items, a nonword taken from the appendices of Borowsky and Besner (1993) replaced the cue word and was presented as the prime (e.g., donaMy-castle). Items were displayed in the same font and case as for the priming task. The items used for the prime detection task are listed in Appendix B.
Procedure
Priming task. There were 360 trials, 180 with word targets and 180 with nonword targets, presented in a random order. Of the 180 trials with word targets, 120 used related primes and 60 used unrelated primes, giving a relatedness proportion of .67. Each trial began with the display of a fixation point ("1") for 500 msec, followed by a 200-msec blank screen. Mask 1 was then displayed for one frame, followed by a number of cycles of the prime followed by Mask 2, each displayed for one frame (we will refer to these as prime-mask2 cycles). Thus, in a presentation with 2 prime-mask2 cycles, the sequence of events would be mask1-prime-mask2-prime-mask2. In our experiments, we used displays with 10 and 20 prime-mask2 cycles. Since each refresh cycle lasted 14.3 msec, the time interval from the first display of the prime to the onset of the target was 286 and 572 msec for 10-and 20-cycle displays, respectively. Immediately afterward, the target string was displayed and remained visible until the participant responded. The participants responded to word and nonword targets by pressing the "/ " or "z" key, respec- Frings, 2005, p. 116) . If this is true, increasing the number of prime-mask cycles should increase the extent of priming, without necessarily increasing awareness.
In the present study, we investigated the effectiveness of the repeated masked priming technique, using the familiar paradigm in which associative primes precede targets in a lexical decision task. This method differs in two main ways from the categorical priming studied by Wentura and Frings (2005) . First, the linguistic relationship between the prime and the target differs. Associative primes are selected by the frequency with which the prime as a cue elicits the target, and there is no consistent semantic relationship between them, as there is in categorical priming. Second, there is an important methodological difference in the recurrence of primes during the experiment. In most associative priming studies, each prime-target combination is unique and usually is presented once, whereas in categorical priming studies a small number of primes and targets are repeatedly presented. In Wentura and Frings's study, only four primes and 24 word targets were used. For these reasons, we might not expect to find comparable results in associative and categorical priming paradigms. Our aim here was to examine the application of the repeated masked prime technique to associative priming (Experiments 1, 2, 3, and 5) and repetition priming (Experiment 6). Our experiments had three aims: (1) to determine whether associative priming or repetition priming with experimentunique prime-target pairs can be reliably obtained using repeated masked primes, (2) to determine the effectiveness of visual masking with alternating masks and primes, and (3) to determine whether the amount of priming increases with the number of prime-mask cycles.
GENErAl MEthod Participants
All the participants were undergraduate and postgraduate students at the University of Essex, recruited from panels maintained by the Psychology Department. All the participants were native English speakers or otherwise fluent English speakers who had been educated in English.
Apparatus
In all the experiments reported here, the participants were run individually in one of two small experimental booths measuring 135 3 220 cm. Each booth was lit by an overhead fluorescent light providing illuminance of 135 lux measured on a standard reflectance in the vertical plane at the location of the display screen. The stimuli were displayed using two Mitsubishi Diamond Plus 19-in. color monitors, each driven by a Macintosh G3 computer at a refresh rate of 70 Hz. Unless otherwise specified, stimuli were displayed in black on a white background with a luminance of 30 or 39 cd/ m 2 , depending on which monitor was used. Viewing distance was approximately 60 cm. Software was written in C, incorporating the VideoToolbox subroutines (Pelli, 1997) . In all the experiments, timing routines were used to check the display durations, and trials were discarded if the display durations indicated that additional frames had been displayed. Masking stimuli, primes, and targets were displayed in 24-point Courier font, so that uppercase letters were approximately 5 mm high and 5 mm apart.
Materials
Priming task. The stimulus set used in the associative priming experiments consisted of 180 semantic associates and 180 pairs Procedure. The participants first completed the practice of 40 trials. This was followed by the associative priming procedure in which the prime was displayed using 10 prime-mask2 cycles. Finally, the participants completed the prime detection procedure, using the same repeated mask display. All other details were as described above.
results and discussion
Associative priming task. The mean accuracy and mean RTs for word and nonword targets under masked prime and visible prime conditions are provided in Table 1 This experiment failed to show associative priming when the prime was repeatedly displayed for 10 primemask2 cycles, although Wentura and Frings (2005) reported evidence of categorical priming with similar displays. Their account of repeated masked priming suggests that the degree of priming should increase with the number of prime-mask cycles, since, in their view, the effectiveness of priming depends on the total display time of the prime string. Therefore, in Experiment 2, we varied the number of repetitions of the prime, so that on half the trials the prime was displayed for 10 cycles and on the other half for 20 cycles.
ExPEriMENt 2

Method
Participants. Thirty participants (21 of them female) were recruited from the undergraduate and postgraduate populations at the University of Essex. The mean age was 19.8 years (SD 5 2.6).
design. The two independent variables, prime type (related or unrelated) and prime display time (10 prime-mask2 cycles or 20 prime-mask2 cycles) were manipulated within subjects. Thus, there were 60 related and 30 unrelated trials at each display time. The items allocated to each condition were counterbalanced across participants. The four conditions formed by crossing prime type and display time were presented in a randomized order.
Procedure. In this and all the subsequent experiments, for both priming and prime detection tasks, the target was shown in lowercase letters, with ampersands added to the beginning and end of the string to make the total length 10 characters. Presenting the target in this form has been shown to increase sensitivity to priming by slowing target responses (Bodner & Masson, 2003) . The participants tively, on the computer keyboard, which were appropriately marked. They were instructed to rest their forefingers on the keys so that they could respond rapidly. Following the procedure described by Bodner and Masson (2003) , feedback was provided after each response. The word "correct" or "wrong" was displayed in the center of the screen in 12-point font. A tone sounded if a response was incorrect or if the response time (RT) was longer than 1,500 msec.
Before the priming task, there was a short practice of 40 trials, with 10 related prime-target word pairs, 10 unrelated prime-target pairs, and 20 nonword-nonword pairs.
Prime detection task. With the exception of Experiment 4, in which the prime strings were not alternated with consonant masks, the priming task was followed by a prime detection task. Here, the display was identical to that in the priming task, but the task was to classify the prime as a word or a nonword. The target was always a word. Eighty trials were given, including 40 word and 40 nonword primes, with 20 word and nonword primes in each half. The responses from all 80 prime detection trials were analyzed; similar results were obtained when only the last 40 trials were included in the analysis.
treatment of data
Priming task. Trials were excluded if there were anomalies in the timing of displays, so that the prime or mask was displayed for additional frames. Irregularities in display timing occurred on 0.9% of the trials in Experiment 1 and 1.3% of the trials in Experiment 2 and were eliminated entirely by modifying the software in later experiments. Trials were also excluded if the RT was invalid, indicating either an anticipation (RT , 300 msec) or a delayed response (RT . 1,500 msec). Exclusion on the basis of RTs followed the procedure of Bodner and Masson (2003) and was consistent with the feedback tone. Error rates were computed across all trials with correct display timing, where RTs were valid. Mean RTs were based on correct valid trials.
Prime detection task. No response deadline was set in the prime detection task, and error rates were measured across all trials on which the display timing was correct.
ExPEriMENt 1
In the masked condition, each prime string (prime plus flanking consonants) was presented for 10 cycles, alternating with the second consonant mask. These presentation conditions are comparable to those in Wentura and Frings (2005, Experiment 1) , which showed clear categorical priming.
Method
Participants. Twenty-four participants (16 of them female) were used, with a mean age of 21.5 years (SD 5 4.06).
design. Prime type (related or unrelated prime) was manipulated within subjects. The primes appearing with each word target were counterbalanced across participants, so that, across the whole experiment, each target was displayed with its corresponding related prime on two thirds of the occasions (i.e., for 16 participants) and with its unrelated prime on one third of the occasions. a second, associative priming task, using visible primes. This procedure was based on Dagenbach et al.'s (1989) study of masked semantic priming. They observed that not everyone shows semantic priming even under ideal conditions and argued that it was futile to look for evidence of weak masked priming effects in participants who did not demonstrate the potentially much stronger effects of unmasked priming.
ExPEriMENt 3 Method
Participants. One hundred three participants were run through the experiment. Of these, 22 failed to show priming with visible primes, leaving 81 participants (47 of them female), with a mean age of 25.8 years (SD 5 8.2). Care was taken that the allocation of items to conditions was fully counterbalanced across the 81 participants who remained in the experiment.
Procedure. The experimental session began with an associative priming task with visible primes. The participants then completed a short practice of 40 trials, followed by the associative priming task (360 trials), both using repeated masked primes with 20 primemask2 cycles. Finally, the prime detection task was completed.
results and discussion
Associative priming task. The priming effect for RTs was minimal and failed to reach significance [t(80) , 1]. Likewise, there was no difference in accuracy for targets preceded by related and unrelated primes [t(80) , 1].
Prime detection task. Lexical decision for the masked word in the prime detection task was at chance levels and did not differ from the expected value of 50% [t(80) , 1].
These results, like those of Experiments 1 and 2, provide no evidence of associative priming with repeated masked primes. Our failure to detect priming suggests that our repeated masking effectively obscured the prime word and prevented the extraction of visual information about the prime. Given the repeated failure to find priming, it is necessary to show that we could detect associative priming if the primes were made visible. Therefore, in Experiment 4, the prime was presented in a more conventional way, by displaying it without preceding or following masks, but using the same total display time as in the masked conditions (see Wentura & Frings, 2005 , Experiment 1).
ExPEriMENt 4
In Experiments 1-3, repeated masked primes were displayed for 10 or 20 prime-mask2 cycles. In Experiment 4, the prime was presented either for 143 msec (10 screen refreshes) followed by a 143-msec delay, giving an SOA of 286 msec, or for 286 msec (20 screen refreshes), followed by a 286-msec delay before the target, giving an SOA of 572 msec.
Another concern of this experiment was the role of the flanking letters that surrounded the prime. When presenting repeated masked primes, Wentura and Frings (2005) added one or two random consonants at the beginning and end of the prime word, to make all the prime strings 8 letters in length. This was essential in their experiment in order to first completed the practice of 40 trials. This was followed by the associative priming task. Finally, the participants completed the prime detection procedure. All other details were as described above.
results and discussion
Associative priming task. The mean correct RTs to word targets were analyzed with a 2 3 2 (prime type 3 number of prime-mask cycles) ANOVA. The results showed no effect of prime type [F(1,29) However, for the 20-cycle displays, response accuracy was higher on trials with unrelated primes than on those with related primes [t(29) 5 2.99, p , .01]. Thus, in the 20-cycle condition, responses to word targets were faster but less accurate when they were preceded by related primes, suggesting a speed-accuracy trade-off, rather than an influence of the prime.
Prime detection task. Prime detection accuracy for each display time condition is provided in Table 1 . Data were collected from the last 40 trials, half of which were presented with 10 cycles of priming and half with 20 cycles. The data for each condition were compared against the expected mean of 50%, using a one-sample t test, and in both cases the result was nonsignificant [t(29) , 1].
Like Experiment 1, this experiment failed to show evidence of associative priming using the repeated masked prime technique. An assumption of Wentura and Frings (2005) was that repeated masked priming increases with the number of prime-mask2 cycles, so here we varied the number of cycles, hoping to find stronger priming effects with an increase in the number of cycles. For the RT data, priming was apparently increased when primes were displayed for an increased number of cycles, although the priming effect itself did not reach significance. More critically, the error rates were inconsistent in showing increased errors to related targets. Thus, there is doubt that even a weak priming effect was observed here.
In Experiment 3, we again attempted to find evidence of priming, this time using only the 20-cycle display condition. We greatly increased power by increasing the number of participants. In addition, we screened participants by showed significant main effects of prime type [F(1,33) The results were further analyzed by calculating the priming effect (unrelated RT 2 related RT) for each participant in each of the SOA conditions and testing whether this was significantly different from zero, using a onesample t test. Priming effects were found in the no-flanker condition with 10 prime-mask2 cycles [t (11) The accuracy data were consistent with the RT data. Again, responses to words were analyzed by a 3 3 2 3 2 mixed ANOVA with number of flanking letters (0, 2, or .2) as the between-subjects factor and prime type (related/ unrelated) and prime-target SOA as the two within-subjects factors. This showed a significant priming effect [F(1,33) These results show clearly that associative priming effects occurred with our stimuli, when primes were presented without forward and backward masking. However, associative priming was reduced by embedding the prime in flanking letters. With no flanking letters, we found robust priming at both prime durations. As was mentioned above, Wentura and Frings (2005) used primes without flanking letters to observe the effect of priming with conventional visible primes. Under these conditions, we readily found evidence of priming. However, with just two flanking letters and a prime duration of 10 cycles, we found no priming, although weak priming was found with 20 cycles. Priming was weak or absent when more than two flanking letters were used.
The results confirm that under clear viewing conditions, with no flanking letters and no masking, our stimuli genconceal the length of the four primes, as well as to minimize edge effects in masking. Following the same rationale, in Experiments 1-3 we added consonants to make prime strings 10 letters long. In the case of short, 4-letter primes (.27 of the total), this amounted to adding three random consonants to the beginning and end of the prime. It is probable that flanking letters reduce the effectiveness of the prime. In Experiment 4, we explored the effect of flanking letters on visible primes, using three flanking letter conditions. In the no-flanker condition, primes were presented without any flanking letters. In the two-flanker condition, one random consonant was placed at each end of the prime. In the third condition, flanking letters were added to make the prime string 10 letters in length, as in the previous experiments. It should be noted that Wentura and Frings always used flanking letters with repeated masked primes but apparently used primes without flanking letters in their visible control condition (Wentura & Frings, 2005 , Experiment 1).
Method
Participants. Thirty-six adult native English speakers (20 of them female) were recruited from students and staff at the University of Essex. Each participant was allocated to one of the three flanking conditions. The mean age of the participants was 23.9 years (SD 5 9.2). Two participants were replaced because the proportion of invalid trials on word lexical decisions exceeded 10%.
design. The experiment used a mixed design. The number of letters flanking the prime (0, 2, or .2) was varied between subjects. The independent variables of prime-target SOA (286 or 572 msec) and prime-target relation (associated or unrelated) were varied within subjects. Care was taken so that for all three groups of participants, every target contributed to the related and unrelated prime conditions and appeared in the two SOA conditions.
Procedure. The associative priming task was administered as in Experiment 3, with the following modification. Each prime string was displayed continuously for 10 or 20 refresh cycles and without a premask or a postmask. After the prime string, the screen was blank for the same duration that the prime string had been displayed. The lowercase target was flanked by ampersands, as in Experiments 2-3.
results and discussion
The data were filtered by excluding all errors and RTs less than 300 msec or greater than 1,500 msec. The mean RTs for each word and nonword condition are given in Table 2 .
RTs were analyzed with a 3 3 2 3 2 mixed ANOVA with number of flanking letters (0, 2, or .2) as the betweensubjects factor and prime type (related/unrelated) and prime-target SOA as the two within-subjects factors. This 
Method
Participants. Twenty-four participants (14 of them female) contributed to Experiment 5A. Their mean age was 22.3 years (SD 5 7.3). Thirty participants (19 of them male) took part in Experiment 5B, with a mean age of 21.5 years (SD 5 3.2). Both sets of participants were drawn from students at he University of Essex. One participant in Experiment 5A and 3 in Experiment 5B were replaced because their error rates exceeded 10%.
design. In each experiment, there were two within-subjects independent variables: the type of prime (related or unrelated) and the number of prime-mask2 cycles (10 or 20) .
Materials. The pairs of prime-target items were the same as those used in Experiments 1-3. In the flanking condition (Experiment 5B), one randomly chosen consonant was appended to the beginning and end of the prime, with the constraints that (1) the letter S never followed the prime and (2) the flanking letters did not match the corresponding letters in the masks.
Procedure. The procedure followed closely that in Experiment 2. The participants first completed a short practice of 40 trials, using the same procedure and flanking condition as those in the main experiment. This was followed by the associative priming task (360 trials), in which the participants made lexical decisions to the target, and then by a prime detection procedure (80 trials), in which the participants made lexical decisions to the prime.
results and discussion
Associative priming task. Trials were eliminated if the RT was less than 300 msec or greater than 1,500 msec. These trials accounted for 1.2% of the total for Experiment 5A and 1.4% for Experiment 5B. The mean accuracy of the valid trials and the mean RTs on correct valid trials are shown in Table 3 .
With respect to the latency data, a 2 3 2 repeated measures ANOVA was run with priming (related or unrelated) and number of prime mask cycles as the factors. For Experiment 5A, there was no effect of prime duration [F(1,23) A 2 (prime type: related or unrelated) 3 2 (prime duration: 10 or 20 prime-mask2 cycles) repeated measures ANOVA was run on the accuracy data from Experiments 5A and 5B separately. There were no significant main effects or interactions in Experiment 5A (all F ratios , 1). In Experiment 5B, the effect of prime duration failed to reach significance [F(1,29) 5 1.44, MS e 5 6.12, p , .05], as did the effects of priming and the interaction (in both cases, F , 1). Therefore, under these conditions, there was no effect of a repeated masked prime on the accuracy of a following lexical decision task.
Once again, in this experiment, we failed to find clear evidence of associative priming (1) in Experiment 5A with no flanking letters or (2) in Experiment 5B with one flanking letter at the beginning and end of each prime letter string, with prime display conditions similar to those used by Wentura and Frings (2005) . erated substantial associative priming with brief presentations and short SOAs. However, adding flanking letters to the prime, even to the minimal extent of adding one consonant at the beginning and end of the prime, reduced the extent of priming. Indeed, we failed to detect priming with an SOA of 286 msec and just two flanking letters. The number of flanking letters here was less than that in Wentura and Frings's (2005) repeated masked prime conditions. It is not clear, therefore, that they would have found priming effects if they had used unmasked primes with flanking letters.
The implications for repeated masked priming are unclear. One argument would be that if no priming is found with brief presentations without repeated masks, there is little point in looking for priming when there is additional masking from repeated primes. However, this may be too strong a claim. Under unmasked conditions in which the prime is visible, the flanking letters are also clearly visible, whereas with repeated masked priming, the flanking letters added to the prime are themselves masked (by Mask 1 and the repeated Mask 2) and are perceived as a temporal blur. Nevertheless, there is clearly a case for evaluating repeated masked priming with reduced numbers of flanking letters, as will be described in Experiment 5 below.
The presence of visible flanking letters may reduce priming by delaying semantic activation arising from the prime, so that it arrives too late to facilitate target identification, especially at short SOAs. Alternatively, adding flanking letters to a briefly presented prime could obscure the prime and prevent identification altogether. To test the latter, we asked 10 participants to read the primes embedded in 10-letter strings and presented under the conditions of Experiment 4. The results showed that mean performance was 76% correct identification in the most difficult condition (SOA 5 286 msec, unrelated targets), rising to 90% in the easiest condition (SOA 5 286 msec, related targets). Thus, flanking letters do not necessarily prevent prime identification. The interpretation we prefer is that the visible flanking letters in Experiment 4 delay identification of the prime, because an additional process is required to parse the flanking letters before the prime can be processed. Thus, information from the prime arrives too late to facilitate the following lexical decision.
ExPEriMENt 5
One possible reason for our failure to detect associative priming with repeated masked primes (Experiments 1-3) is that prime effectiveness was reduced by the flanking consonants added to the prime string. In Experiment 4, we showed that this was indeed the case for associative primes that were presented briefly without pre-or postmasks. Thus, associative priming might be observed with repeated masked primes if the number of flanking letters was reduced. We examined this possibility by using prime strings that had no flanking letters (Experiment 5A) or that had one flanking letter at the beginning and end of each prime (Experiment 5B). As in Experiment 2, we looked for evidence of associative priming, using the repeated masked prime method in which the prime was presented for 10 and 20 prime-mask2 cycles.
preceded and followed by a single flanking letter, as in Experiment 5. The items that were presented with and without flanking letters were counterbalanced across participants. Nonword targets and their primes were re-paired so that each prime and target was the same length, and, if necessary, a nonword was altered to facilitate this. Nonword targets were always preceded by a prime that was different.
In the prime detection task, word primes were the same as the following target. Half the primes were presented without flanking letters; half were presented with one flanking letter at each end. The word targets appearing in each flanking condition and each priming condition were counterbalanced across participants.
Procedure. The experimental session began with a short practice of 40 trials, in which, for half the word targets, the prime was the same word. The main experiment consisted of 360 trials, in which, on each trial, a repeated masked prime was shown for 20 cycles, followed by a target that required a lexical decision response. After this, the participants completed the prime detection task of 80 trials.
results and discussion repetition priming task. Trials on which RTs were ,300 msec or longer than 1,500 msec were discarded (0.68% of the total). For the remaining trials, mean accuracy was computed for each condition, as is reported in Table 3 .
The RTs to word targets were analyzed with a repeated measures 2 (flanker condition) 3 2 (priming condition) ANOVA. This showed a significant effect of flanker type, with shorter RTs in the no-flanker condition [F(1,35) 5 8.12, MS e 5 512.1, p , .01]. However, there was no effect of priming condition [F(1,35) , 1] and no interaction between prime type and flanker condition [F(1,35) 5 1.58, MS e 5 580.5, p . .05]. Lexical decisions to the target appeared to be more difficult when the prime had flanking letters, here showing increased latency. It is possible that this arose because unflanked primes provided a better cue to the location and length of the target word that was embedded in the string of ampersands. However, there was no indication of any priming effect.
Accuracy, which was high in all the conditions, was analyzed with a repeated measures 2 (flanker condition) 3 2 (priming condition) ANOVA. This showed that responses were marginally more accurate in the no-flanker condition [F(1,35) There was no effect of the number of prime-mask cycles on prime detection in Experiment 5A [t(23) , 1.0], or in Experiment 5B [t(29) , 1]. This shows that even with no flanking letters or just two flanking letters, a prime word is effectively masked by alternating displays of the prime and a mask of random consonants.
ExPEriMENt 6
In Experiment 6, we looked for evidence of repetition priming with repeated masked primes. In repetition priming, all the information in the prime is available in the target, so that priming can potentially occur at the orthographic, morphemic lexical, or semantic level. Evidence of priming would, therefore, not indicate the locus of the effect. However, failure to find any evidence of priming with repetition priming would suggest that none of these sources of information was available and that processing of the prime was severely restricted with repeated masked presentations.
Method
Participants. Thirty-six participants (28 of them female) with a mean age of 21.4 years (SD 5 3.61) took part in this experiment. All the participants were native English speakers or otherwise fluent English speakers who had been educated in English.
design. A two-factor repeated measures design was used, in which the factors were the number of flanking letters (0 or 2) and the relationship between the prime and the target. On two thirds of the word trials, the prime and the target were the same; on one third of the trials, they were different.
Materials. In this experiment, the target words were also used as primes. In the related condition, the prime and the target were the same word. In the unrelated condition, the primes and target items were recombined, with the constraint that the recombined primes and targets were always the same length. The words that were presented in related and unrelated pairs were rotated across participants. Half of the primes were presented without flanking letters, and the other half were efforts, we have failed to demonstrate associative priming using this repeated masked prime technique. A marginally significant RT advantage for related primes was observed with 20 prime-mask cycles in Experiment 2 (where the error data are inconsistent with a priming account), but this failed to replicate in Experiment 3. In Experiment 4, we found that in a conventional priming paradigm, in which unmasked primes were presented for the same total duration and prime-mask SOA, priming was impaired by the addition of flanking letters to the prime. Thus, the failure to find priming in Experiments 1-3 could be due to the presence of a number of flanking letters obscuring a masked prime, rather than being an effect of repeated masked priming. However, in Experiment 5, we again failed to detect priming when repeated masked primes were presented without flanking letters or with just two flanking letters. In all these experiments with repeated masked primes, prime detection was low and was not significantly different from chance. Thus, the repeated masked prime method certainly produces effective masking but does not produce priming effects that are strong enough to be reliably detected using associative priming. Finally, in one last attempt to find evidence of any kind of priming with repeated masked primes, we could detect no significant repetition priming when primes and targets were the same word, using primes with no flanking letters or with two flanking letters. There was a tendency toward weak positive priming with no flanking letters if high-d′ participants were excluded, but across this subset of participants, the presentation conditions were unbalanced across target stimuli. Our conclusion is that in a conventional priming paradigm in which there are many primes and targets that are presented just once, associative or semantic repeated masked priming either does not occur or is very weak.
Of course, the failure to find priming effects may be due to a lack of power in the experimental designs. To test this, we calculated the power to detect a modest 20-msec priming effect, using the standard deviations of the difference scores (unrelated RT 2 related RT) for each condition of each experiment. The standard deviations varied between the 17.8 msec observed in Experiment 1 and 37.8 msec for the 10-cycle condition in Experiment 2. In all the conditions, the power to detect a 20-msec priming effect was high: For the 20-cycle condition in Experiment 5A, the calculated power was .74, but it was above .8 for all the other conditions and above .9 for Experiments 1, 3, and 6 and for the 10-cycle conditions in Experiments 5A and 5B.
.016), which fell just short of significance [t(35) 5 1.97, p 5 .057]. In this prime detection task, word primes were always identical to their targets; nonword primes were not. So any visual similarity between the prime and the target could be used to support prime detection. Above-chance performance does not indicate that word primes were identified or accessed lexically or semantically.
Priming as a function of detection. In Wentura and Frings (2005) , negative priming of atypical category members used as targets was found only among participants who performed at chance levels on prime detection. We adopted the same procedure, dividing the participants into two groups according to their scores on prime detection in each flanking condition. For the no-flanking condition, the participants were divided into two groups: a lowdetection group (n 5 22) with a mean d′ 5 20.018 and a mean accuracy 5 .497 (SE 5 .01), and a high-accuracy group (n 5 14) with a mean d′ 5 0.772 and a mean accuracy 5 .637 (SE 5 .018). Similarly, in the condition with two flanking letters, the low-detection group (n 5 25) had a mean d ′ 5 20.11 and a mean accuracy 5 .48 (SE 5 .011), and the high-accuracy group (n 5 11) had a mean d′ 5 0.877 and a mean accuracy 5 .648 (SE 5 .016). We then considered priming for each flanking condition, conditional on prime detection performance. The mean RTs and extent of priming are provided in Table 4 .
No significant priming was found for either flanking condition when the participants who scored high or low in prime detection were considered. However, there was a suggestion of a weak positive priming effect among low-d′ participants in the no-flanking condition, although this did not reach significance. This might be expected if there were subliminal repetition priming using the repeated masked priming technique. However, some caution is required here, since restricting the analysis to a subset of participants violated the counterbalancing of stimuli across conditions in our design, although this is less of a problem for Wentura and Frings's study (2005) , in which all the participants were tested on all the prime-target combinations.
GENErAl diScuSSioN
In this series of experiments, we have searched for evidence of associative priming on lexical decision, where each prime was presented by alternating it with a random consonant mask on successive frames, a masking method first described by Wentura and Frings (2005) . Despite extensive the masks were generated independently on each trial, so that perceptual learning of the masking stimuli was not possible. From their article, it is not clear whether Wentura and Frings used different masks and/or different flanking letters on the many trials on which the same prime was displayed. If not, it may have been easier for participants to learn to discriminate the masked prime strings. In our experiments, we used the fixed-width Courier font so that the letters of the masks and prime strings would superimpose. The MS-DOS text font used by Wentura and Frings has similar properties. Thus, an attempt was made to get the masking conditions as close as possible to those of Wentura and Frings, but it is possible that some feature of our displays may have increased visual masking and, thereby, eliminated semantic or associative priming. One appealing property of the repeated masked technique is that it seems easy to reproduce. However, visual parameters determining the temporal integration of the masking and prime strings are likely to play a part, and these may require more precise specification. Second, Wentura and Frings (2005) looked for evidence of subliminal priming in a paradigm in which the target word was preceded by a category name, rather than by an associate. The type of priming alone may account for the differences between our results: Repeated masked primes may allow category priming, but not associative priming. To us, this seems unlikely, because (1) the masking technique restricts early visual processing of words, in ways that we expect to be common to all lexical decision priming tasks, and (2) we know that associative priming occurs when strategies are restricted-for example, with short SOAs. In addition, it is unlikely that semantic effects are observed when associative priming is absent because, in studies in which these two forms of priming have been compared, associative priming appears to have been at least as strong as pure semantic priming (Hutchison, 2003; Lucas, 2000) . Nevertheless, it is conceivable that priming by semantic overlap of features could occur when associative priming is absent. Some accounts (e.g., Joordens & Becker, 1997) have proposed that semantic and associative priming use different mechanisms and that these priming effects occur at the semantic level or at the lexical level. To test this, we investigated repeated masked repetition priming (Experiment 6) when there was complete overlap of prime and target semantic features. No clear evidence of repetition priming was found, at least not when lexical decision was used as the task, although Wentura and Frings reported clear category-exemplar priming effects in three experiments using lexical decision.
Another consideration is that Wentura and Frings's (2005) study used only four prime tokens and each prime was repeatedly presented throughout the experiment. In contrast, in our experiments, primes and targets were experiment unique and unpredictable. One possible explanation is that partial priming, based on the identification of individual letters, was sufficient to influence target lexical decision in Wentura and Frings's study. Using a Stroop priming paradigm, Kouider and Dupoux (2004) demonstrated that presenting masked color names gave rise to congruency effects when colors were classified with Wentura and Frings (2005) reported negative priming effects of about 30 msec, and any effect of comparable magnitude would certainly have been detected.
To encourage associative priming effects, we used a lexical decision task with a relatively high relatedness proportion (.67), following the claim by Masson (2001, 2003) that relatedness proportion affects even masked priming. Related prime-target pairs were selected from two established sets of norms with high association values of 0.4 or greater. When primes were made visible by presenting them without masks for the same duration and SOA (Experiment 4), strong priming effects were seen. Thus, strong associative priming can be obtained with our materials and procedures at short SOAs. But the presence of flanking letters around the prime reduced or eliminated priming from visible primes. Indeed, in the condition with just two flanking letters (roughly equivalent to the manipulation used for repeated masked primes in Wentura & Frings, 2005 ) and a 286-msec SOA (equivalent to their 10 prime-mask2 cycle displays), we failed to find priming. Wentura and Frings (2005, Experiments 1 and 2) used primes without flanking letters in their visible prime control condition and, apparently, also in their standard masked condition, so we do not know what the contribution of flanking letters would have been in these cases. It is possible that flanking letters around the prime would have less effect in their task, since primes were of roughly equal length and all were known in advance. The main concern for our study was the possibility that excessive use of flanking letters in Experiments 1-3 precluded repeated masked priming. Experiment 5 showed that without flanking letters, priming could not be detected.
In the prime detection task, in which participants made a lexical decision task on the primes, we found no evidence that associative repeated masked primes were detectable. In contrast, Wentura and Frings (2005) reported that about one third of their participants were able to identify the primes in a forced choice identification task. Priming was found after these participants were excluded, providing evidence for an influence of undetectable primes. The differences between the priming effects observed in our experiments, in which reliable priming was not found, and those reported by Wentura and Frings may be due to small differences in presentation conditions across the two studies or to the marked procedural differences between categorical priming, using repeated presentations of a small set of primes, and associative or repetition priming using a large number of unique prime-target pairs.
First, with respect to the visual-masking technique, we adhered closely to the method outlined by Wentura and Frings (2005) . Prime and mask strings were alternated at the same refresh rate. All the prime and mask strings were displayed in uppercase letters and were 10 letters in length in the present study. Wentura and Frings used shorter masks and prime strings of 8 letters, which was possible because their longest primes had only six characters, whereas ours varied between four and seven characters. The two masks were composed of random consonants, and the prime string was made from the prime, positioned centrally, with random consonants added at each end. Moreover, a manual response. Several features of their experiment were common to those in Wentura and Frings's study: (1) There was a small set of prime words, (2) participants were informed about the nature of the primes, and (3) the SOA was comparably short (287 or 301 msec). Kouider and Dupoux showed that in the appropriate priming conditions, Stroop interference was the same for true color words (rouge) and orthographically similar nonwords (rugoe). They proposed that this was because participants identified a subset of letters from the prime and used these to construct the primes. Moreover, they reported masking levels at which lexical decision was poor but letter identification was well above chance. According to their partial awareness hypothesis, "participants rely on their expectations and the partial information available regarding the identity of the primes" (Kouider & Dupoux, 2004, p. 78) . In our view, the restricted set of primes and targets in the Wentura and Frings study make priming from partial information a possibility, but this would be most unlikely in a conventional associative priming study with unique presentations of many prime-target pairs.
As far as we are aware, the present article reports the first attempt to demonstrate associative priming using the repeated masked prime technique introduced by Wentura and Frings (2005) . Our results, the product of extensive investigations, show no consistent priming and no evidence that increasing the total prime duration increases priming. As with all studies of priming close to threshold, it is possible that small differences in prime presentation, masking, or display parameters may account for the differences across studies. Further work is needed to determine whether this is the case. However in our opinion, it is most likely that in their studies of repeated masked priming, Wentura and Frings established conditions in which partial information of a prime drawn from a very restricted set could influence target processing and that these conditions are not found in more conventional priming paradigms. 
